A standard plasmid was constructed as a novel reference molecule for use in real-time quantitative PCR assays to verify the identity of beef, pork, chicken, mutton, and horseflesh. The plasmid contained a target domain of the cytochrome b (cyt b) gene and an artificial DNA sequence. Primers CO-F and CO-R, and probe CO-P were specifically designed to detect the artificial sequence. The calculated R 2 values of the standard curves (10 3 {10 7 copies per reaction) for the five species ranged between 0.998 and 0.999 in the quantification analysis. The constructed plasmid provides a universal method for measuring the copy number of cyt b DNA in minced meat. This method would be a useful procedure for verifying food labels.
Food labeling is an important information source for the consumer, especially for patients with food allergies. Several methods to verify food labeling, using the polymerase chain reaction (PCR), have been developed to confirm the identity of plant and animal ingredients in food products. [1] [2] [3] [4] [5] [6] Minced meat is commonly used as a raw material in modern processed foods. Since the 2007 meat-mislabeling incident that occurred in Japan, confirmation of the composition of minced meat at the ingredient stage has become important for assuring the quality of processed foods produced by manufacturers. It is necessary to develop a rapid and useful method to quantitatively detect meat ingredients in processed foods. We have previously developed a real-time semi-quantitative PCR (semi-qPCR) method for identifying beef, pork, chicken, mutton and horseflesh. 7) This semi-qPCR method enables more sensitive and rapid analysis than conventional PCR methods; however, it lacks universal applicability because the extracted DNAs are used as reference materials with these methods. It is therefore necessary to establish a reference material that enables the copy number of target DNA sequences in meat to be determined.
Many qPCR systems have been developed to identify genetically modified (GM) maize, GM soybeans and GM examples of other agricultural commodities. [8] [9] [10] [11] [12] [13] A plasmid is used in these methods as a reference material to determine the relative copy number of the target sequences in GM crops. 14, 15) However, reference plasmids risk becoming a source of contamination in the PCR systems because they contain the target sequences. It is important to avoid false positive results when using a PCR analysis to confirm the validity of the food labeling system. Hence, it is also important to develop a method for confirming the presence of contamination caused by the reference plasmid.
We constructed in this study a reference plasmid for qPCR detection with beef, pork, chicken, mutton and horseflesh. The reference plasmid contains an artificial DNA target sequence with primer pairs and a probe specifically designed to detect these sequences in the plasmid. We evaluated the performance of the plasmid by using minced meat samples. The established plasmid was universally useful as a positive control and enabled independent laboratory results to be compared.
Materials and Methods
Samples. All meat samples were kindly provided by Marudai Food Co., Ltd. (Osaka, Japan). Deoxyribonucleic acid sodium salt from Escherichia coli strain B was purchased from Sigma-Aldrich (St. Louis, MO, USA). Deoxyribonucleic acid sodium salt from salmon testes was purchased from Nacalai Tesque (Kyoto, Japan), and ColE1 DNA was purchased from Nippon Gene (Tokyo, Japan). We minced the pork, chicken and beef, as well as a sample containing a mixture of beef, pork and chicken at 1:1:1 (w/w) for a quantitative analysis of the major meats.
DNA extraction. DNA was prepared by using the Genomic-tip 20/G anion-exchange kit (Qiagen, Hilden, Germany) as previously described.
1) A 1.0-g amount of a milled food sample was used for DNA extraction. The DNA concentration was determined by measuring the UV absorption at 260 nm with an ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). The extracted DNA was diluted with an appropriate volume of distilled water to a final concentration of 10 ng/mL and stored at À20 C until needed. These DNA samples were used for the subsequent PCR analysis.
Oligonucleotide primers and probes. The sequences of oligonucleotide primers and TaqMan fluorescent probes employed in this study are listed in Table 1 . The oligonucleotide primers and probes were designed by using Primer Express v3.0 software (Life Technologies, Foster City, CA, USA). The Conche probe, which specifically detects the constructed reference molecule, was labeled with the VIC fluorescent reporter dye at the 5 0 end. The primers were synthesized and purified with an oligonucleotide purification cartridge by Invitrogen (Tokyo, Japan), and the fluorescent probe was synthesized and purified by Life Technologies Japan (Tokyo, Japan).
Construction of a standard plasmid as the reference molecule. The standard plasmid shown in Fig. 1 was constructed in three steps to quantitatively detect the target DNA in beef, pork, chicken, mutton, and horseflesh. The first step involved inserting a 251-bp fragment of the horse 18S rRNA gene (GenBank accession no. AJ311673). This 251-bp DNA fragment was amplified by PCR with primers 18S-F and 18S-R, using horseflesh genomic DNA as the template. The PCR product was inserted into the pCR 2.1 vector and then cloned by using a TA cloning kit according to the standard procedure (Invitrogen, San Diego, CA, USA). The second step involved inserting a 57-bp fragment of the E. coli iso-IS1 gene (GenBank accession no. D63569). Two complementary oligonucleotides, IN-1 and IN-2, were synthesized for preparing the iso-IS1 fragment which had a Not I site at the 3 0 end. The oligonucleotides were incubated at 95 C, and doublestranded DNA was synthesized by gradually cooling the oligonucleotides to 15 C. The fragment was ligated into the Eco RV-Not I site of the pCR 2.1-r18S vector, and pCR 2.1-18S-E was generated. The third step involved inserting pork, sheep, chicken, bovine and horse cyt b DNA fragments which contained restriction enzyme sites at both ends. The porcine cyt b DNA fragment was amplified by PCR with a primer set of PO-XhoI-F and PO-XbaI-R, using pork genomic DNA as the template. The sheep, chicken, bovine and horse cyt b DNA fragments were also amplified by PCR with the primer sets shown in Table 1 , using the respective DNA from each type of meat. Each PCR product was designed to contain restriction enzyme sites at each end, being treated with restriction enzymes (Takara, Shiga, Japan) and then ligated into pCR 2.1-18S-E. The plasmid obtained as a result of these ligations is designated as the Conche plasmid (pCON). Direct sequencing was performed by Hokkaido System Science Co., Ltd.
(Hokkaido, Japan) to confirm the sequence of the inserted fragments. The constructed plasmid from the E. coli transformant was isolated and purified by using a plasmid midi kit (Qiagen). The extracted DNA was diluted with the appropriate volume of a TE buffer (10 mM TrisHCl at pH 8.0 and 1 mM EDTA) to a final concentration of 500 ng/mL, and stored at À20 C until needed. The concentration of pCON was measured by UV absorption at 260 nm. qPCR conditions. Quantitative PCR was performed by an ABI Prism 7500 instrument (Life Technologies). Each PCR reaction mixture was made up in a 25-mL final volume containing 2.5 mL of the template DNA, 12.5 mL of TaqMan Universal PCR Master Mix (Life Technologies), 0.75 mL of primer pairs (10 mM of each primer), and 0.5 mL of the TaqMan probes (10 mM) listed in Table 1 . Fluorescence was monitored during every PCR cycle at the annealing step. The reaction conditions were set for 2 min at 50 C and 10 min at 95 C, and then for 45 cycles of 15 s at 95 C and 1 min at 60 C. The 18S rRNA genes were detected as a control according to the instruction manual with the TaqMan ribosomal RNA control reagents VIC probe (Life Technologies).
Construction of the standard curves. Five serially diluted concentrations (10 7 , 10 6 , 10 5 , 10 4 , and 10 3 copies) of the standard plasmid DNA were diluted in a ColE1 plasmid DNA solution (5 ng/mL) and used as reference molecules for constructing a standard curve. ColE1 plasmid DNA (5 ng/mL) was used as the no template control (NTC). The copy number of the plasmid was calculated from the concentration and number of base pairs in pCON (4767 bp), using the formula X ng/mL Â 10 À9 Â 6:02 Â 10 23 =½plasmid length Â 660 ¼ Y copies/mL.
Results and Discussion
Construction of a reference molecule A novel standard plasmid was constructed for use in the specific qPCR method for detecting pig, chicken, cattle, sheep, and horse DNA. We named this standard plasmid pCON, as shown in Fig. 1 . Cyt b gene fragments for pig, chicken, cattle, sheep, and horse were targeted for this meat detection method. These gene fragments were tandemly arrayed in pCON. A universal portion of the sequence of the 18S rRNA gene and a unique chimeric sequence were also inserted into pCON. This unique chimeric sequence was generated by inserting the E. coli iso-IS1 gene fragment between the 18S rRNA and cyt b sequences. A specific primer pair and probe (CO-F, CO-R and CO-P) were designed according to the chimeric sequence to confirm the presence of pCON.
The specificity of CO-F/CO-R and CO-P was evaluated by using pCON (10 5 copies per reaction) and genomic DNA extracted from beef, pork, chicken, mutton, horseflesh, salmon and E. coli (Fig. 2) . Only the amplification from pCON was detected. Amplification from the 18S primers and probe was observed in each DNA sample, confirming that the quality of the genomic DNA was appropriate for the qPCR analysis. These results suggest that using CO-F/CO-R and CO-P enabled the specific detection of pCON due to the artificial nature of the DNA sequence and its absence in natural products.
Quantification of pCON
We evaluated the quantitative performance of pCON. The standard curves were produced with pCON used in the range of 10 3 {10 7 copies per reaction. The calculated R 2 values for the standard curves were 0.9997, 0.9992, 0.9980, 0.9995, 0.9993, and 0.9997 for the respective pCON, porcine, sheep, chicken, bovine, and horse detection system (cyt b) (Fig. 3) . These results suggest that each detection system had outstanding linearity. We employed a pCON recovery test, using minced porcine meat DNA spiked with 5000 copies of pCON, to assess the ability of the Conche detection system to specifically detect pCON during preparation of the PCR mixture. We confirmed that the recovery of pCON was 80.3% (data not shown).
Verification of pCON as a quantitative method using test samples
We mixed minced beef, pork, and chicken at a ratio of 1:1:1 and determined the yield and cyt b copy number in the extracted DNA to assess the performance of pCON as a positive control for a quantitative analysis ( Table 2 ). The respective yields of extracted DNA were 44.32, 35.54, 39.72, and 36.77 mg/100 mL for minced beef, pork, chicken, and mixed meat. We then measured the copy number of the bovine, porcine, and chicken cyt b genes by using 10 ng of each DNA. Table 2 shows that the respective copy numbers of cyt b in 25 ng of extracted DNA from minced beef, pork and chicken were 19:3 Â 10 6 , 37:2 Â 10 6 , and 49:0 Â 10 6 . The respective copy numbers for the bovine, porcine, and chicken cyt b genes in mixed meat were 7:19 Â 10 6 , 9:91 Â 10 6 , and 16:1 Â 10 6 . We evaluated whether the copy number of the cyt b gene for each type of meat differed among animals for the amount of mitochondrial DNA per weight by using the developed methods. The percentages of individual meats in the mixed meat sample were calculated, where the copy number of cyt b in the individual samples was taken to be 100%. We therefore determined that the respective cyt b copy number for each meat constituted 37.3%, 26.6%, and 32.9% for beef, pork, and chicken.
We attempted to determine the proportions of minced beef, pork and chicken as the critical first step in the developed detection system. The proportions of individual meats in the mixed sample were calculated by using a conversion coefficient defined as the ratio of the copy number, in which the copy number of cyt b in 25 ng of extracted DNA was assumed to be 100%. The results suggest that rough measurement of the amount of each meat and the proportion of each meat species in a mixed minced meat sample can be determined by using the developed method.
We developed in the present study a standard plasmid as a reference material and verified the practical A, Amplification plots generated by five serial dilutions of pCON corresponding to 10 7 , 10 6 , 10 5 , 10 4 , and 10 3 copies. a, Conche primer/probe (CO-F/R/P); b, porcine primer/probe (PO-F/R/P); c, sheep primer/probe (SH-F/R/P); d, chicken primer/probe (CH-F/R/P); e, bovine primer/probe (BO-F/R/P); f, horse primer/probe (HO-F/R/P). All reactions were run in duplicate in 96-well plates. The horizontal line indicates the threshold as determined for the standard curve. B, Standard curve for pCON generated from the amplification data given in A.
application of the meat detection method developed in a previous paper.
7 ) The previous study showed that the method could detect the mitochondrial cyt b gene of individual types of meat in food samples, demonstrating high-sensitivity and no cross-reactivity. However, the results of the present study suggest that there is a limit to the quantification approach by cyt b copy number because it is difficult to determine the copy number of mitochondrial genes in each cell. We also evaluated the cyt b copy number of heated and non-heated porcine minced meat and such beef parts as short plate, gooseneck round, sirloin, chuck and liver. The present results show that the cyt b copy number of non-heated minced meat was 2.4 times higher than that of heated minced meat, and there was a small difference in the cyt b copy number in the muscle samples (17:1{22:4 Â 10 6 copies per 25 ng of DNA), whereas the cyt b copy number of liver was 3.3 times greater than that of the muscle samples (data not shown).
These results suggest that the individual meat proportions remain to be precisely determined with suitable accuracy, due to differences in the amount of the extracted mitochondrial DNA from each meat species, and to such differences as the extraction efficiency, food preparation method, age of the domestic animals, meat cuts, and the proportion of fat in the sample materials.
Applying this system to a more general sample requires finding an appropriate universal gene for various meat species so that precise meat amounts can be quantified in mixed minced meat samples. Further studies are underway to develop a quantitative detection method for meat species by using a combination of the meat-specific gene used in this study and an appropriate universal gene. 
